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It is shown that two electrons located in a quantum well near a metal electrode attract each other
due to the spin-orbit interaction (SOI) of the Bychkov-Rashba type and the electrostatic image
forces. Using the example of a simple model, it is shown that, with quite attainable values of the
characteristic parameters of the system, the effective attraction caused by SOI prevails over the
Coulomb repulsion, and the formation of a bielectron becomes possible.
Consider a quantum well (QW) in dielectric half-space
z < 0 while the upper half-space z > 0 is occupied by
an ideal metal (see Fig. 1). Each of the two electrons in
the well interacts directly with the other one and with
image charges. In any 2D system with asymmetry in the
growth direction there exists the spin-orbit interaction
(SOI) of the Bychkov-Rashba type [1]: VSO = αn[σp],
where α is the SOI constant, n is the unit normal vector,
σ are Pauli matrices, and p is the 2D momentum.
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FIG. 1. Fig. 1. Sketch of the structure. The arrows show the
directions of the forces acting on the electrons.
In the situation of the Fig. 1 the asymmetry is provided
by the metal electrode. As is known, the coefficient α de-
pends on the z-component of the electric field Fz experi-
enced by electrons [2, 3]. In the problem in question the
latter consists of two parts: 1) interaction with its own
image and 2) interaction with the image of neighboring
electron. It is shown in [2, 3] that |α| increases with in-
creasing Fz . In the two electron system the total field Fz
depends on the interparticle separation ρ and increases
when ρ decreases:
Fz =
e
εD2
+
eD
ε (D2 + ρ2)3/2
, ρ = |ρ1 − ρ2| . (1)
Here ε is the dielectric permeability, D/2 is the distance
between QW and metal.
The lower branch of the SOI-split energy spectrum of
electrons has the negative minimal value −mα2/2 when
the 2D momentum corresponds to the extrema loop. De-
crease of ρ results in increase of α and, hence, the min-
imum of the energy becomes deeper. Thus, the energy
of the two-electron system lowers when the interparticle
separation decreases due to SOI and image forces. Simul-
taneously the Coulomb repulsion raises the energy and,
if the balance turn out negative, the bound state of two
electrons -bielectron- becomes possible. Evidently the
corresponding energy level must be lower than (−mα2/2)
- the sum of minimal energies of the two electrons at
ρ→∞.
Quantitative consideration.
In our problem the total electron field ”seen” by each
electron has both the normal component Fz and the lat-
eral one Fτ . As we will show in the last part of this paper
the Fτ contribution may be disregarded at least in the
principal question: whether the bound state exists at all?
With accounting for only Fz the Hamiltonian reads:
Hˆ = Hˆ0 +A {Fz(ρ) ([pˆ1σ1] + [pˆ2σ2])n} , (2)
Hˆ0 =
pˆ21 + pˆ
2
2
2m
+
2e2
ε
(
1
ρ
−
1√
ρ2 +D2
)
, (3)
where A is determined by the field dependence of the
SOI constant α = AFz, n is the unit vector along z-
axis,
{
QˆTˆ
}
= 1
2
(
QˆTˆ + Tˆ Qˆ
)
. Two particle wave func-
tion is the bi-spinor (ψ1ψ2ψ3ψ4). Four equations for ψi
(i=1,2,3,4) have to be solved with the evident boundary
conditions: each ψi is regular at ρ = 0 and tends to zero
when ρ → ∞. The details of calculations are given in
our extended paper submitted to JETP Letters. Here
we report the main findings.
Any solutions of the Schro¨dinger equation for the
Hamiltonian (2) takes the form eiPRψ(ρ), where R =
(ρ1 + ρ2)/2, ρ = ρ1 − ρ2. For P = 0 the ground state
bi-spinor is
ψ1 = χ1(ρ)e
−iϕ, ψ2 = χ2(ρ), ψ3 = χ3(ρ), ψ4 = χ4(ρ)e
iϕ,
2where ρ and ϕ are the polar coordinates of the vector ρ.
The bound state is described by the solution in which
χ1 = χ4, χ2 = −χ3. Such a solution corresponds to
the total spin S = 1 and provides the permutative anti-
symmetry of the total wave function (at permutation ϕ
goes over to ϕ+ pi, ψ1 and ψ4 change signs, χ2 goes over
to χ3 and vice versa while χ2 = −χ3). Thus, the pairing
(if it exists!) occurs in the triplet state.
We consider a simplified exactly solvable model where
all the coefficients χi(ρ) depending on ρ in the equations
for χ1, χ2 are replaced by rectangular barriers V0iθ(L−ρ),
θ is Heaviside step-function, L is a free parameter, V0i is
taken from the relation piL2V0i =
∫
Vi(ρ)ρdρdϕ. With
boundary conditions of continuity of χ1, χ2 and their
derivatives at ρ = L we come to the 4 × 4 determinant
containing Bessel functions J0,1 and K0,1. Zeros of the
determinant define the energy spectrum of the system.
Just to demonstrate the possibility of principle to form
the bound state we used the direct variational approach
with a simple trial function. For the bielectron energy
level E0 we found
E0 = −mα
2
0
(
1 +
2D2
L2
)2
+
4e2D
εL2
, (4)
with α0 = Ae/εD
2 - SOI-constant for a single electron.
Numerical example.
From the data given in [2, 3] one can find that in
quantum wells of Bi2Se3 the coefficient A equals 2 ·
102 cm2/(V · s). Take L = 3D, ε = 10, m = 0.1me,
D = 3 nm, then α0 = 2.5 · 10
7 cm/s and for the bielec-
tron bound energy ∆ = |E0+mα
2
0| we get ∆ ≃ 5.4 meV,
the size of the bound state r0 ≈ 4 nm.
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